ing patients from mechanical ventilation and of protocols for lung-protective ventilation for acute lung injury (ALI) and ARDS. [13] [14] [15] [16] [17] The implementation and monitoring of protocols require appropriate documentation and communication of ventilator settings by respiratory therapists to other members of the health-care team. These practices have not been studied.
In 1992, the American Association for Respiratory Care (AARC) published CPGs for patient-ventilator system checks by respiratory therapists. 18 To our knowledge, no other CPGs for patient-ventilator checks have been published or promulgated by a national professional organization. In the AARC CPGs, patient-ventilator checks were defined as "a documented evaluation of a mechanical ventilator and of the patient's response to mechanical ventilatory support." These CPGs note that "observations should include but are not limited to" the 52 items listed in Table 1 . They recommend that patientventilator system checks be performed on a scheduled basis but leave exact frequency to the discretion of each institution.
The utility of or compliance with these CPGs has never been evaluated. It is unknown whether they impact clinical outcomes. There have been two studies that have used survey tools to examine RT practices. Keenan et al 19 used a self-administered questionnaire to determine the modes of ventilation being used, RT and physician availability, the use of CPGs for weaning, and the roles of RT and nursing in ventilatory care in the ICUs of Ontario hospitals. Soo Hoo et al 20 administered a questionnaire in nine Los Angeles, CA, hospitals in order to assess the methods that respiratory therapists use to obtain weaning parameters. Both studies found considerable variation in the studied practices. However, neither study evaluated documentation or practice in actual cases.
We conducted this study as a first step toward understanding and improving RT, physician, and nurse interactions in the ICU. We examined the variation in RT documentation practices in ICUs, measured the extent of compliance with current recommendations for the documentation of mechanical ventilation, and assessed whether respiratory therapists routinely document the variables necessary to perform lung-protective ventilation for ALI/ARDS. Because responses to surveys may differ from actual practice, we used the following three sources for this study: questionnaire; review of documentation forms; and chart review of ALI/ARDS patients receiving mechanical ventilation. 
Methods and Materials
A cross-sectional study was conducted in accordance with the ethical standards of the University of Washington Human Subjects Division and the institutional review board of each participating hospital.
Hospitals
Twenty-one hospitals involved in the King County Lung Injury Project (KCLIP) between April 1999 and July 2000 were the initial sample for this study. KCLIP is a population-based cohort study that is designed to measure ALI/ARDS incidence. These 21 hospitals account for 98.1% of all King County residents who have been admitted for mechanical ventilation. Two pediatric hospitals were excluded because of their unique patient populations, and two adult hospitals were dropped because they cared for too few patients with ALI/ARDS, according to our chart review criteria. Data collection was conducted between September 2001 and March 2002.
Data Sources
Flow Sheets: Blank RT flow sheets for mechanically ventilated patients were compared to the 52 items recommended by the AARC CPGs (Table 1) . Printouts of standard flow sheets were used for the four hospitals that employed a computerized data collection system. (Note that none of the hospitals utilize personal digital assistants for data entry by respiratory therapists.) We also assessed the documentation of five additional items ( Table 1 ) that provide information necessary for implementation of the National Institutes of Health ARDS Network low-tidal volume (Vt) protocol 16 (ie, plateau pressure [Pplat] and weight) or that may be otherwise useful for practitioners (ie, total minute ventilation [V e]). Note that there was no information available on the technique used to measure Pplat at each hospital. Items were coded as "present" or "absent."
Chart Review: KCLIP identified all patients with ALI/ARDS over a 1-year period at each study hospital. ALI/ARDS was defined as follows, using the American-European Consensus Conference criteria: Pao 2 /fraction of inspired oxygen (Fio 2 ) ratio of Ͻ 300 mm Hg, bilateral radiographic opacities, and no evidence of left atrial hypertension. 21 We further restricted the KCLIP sample to patients who survived at least 72 h and required Fio 2 of Ն 0.60 at some point during the first 3 days after the onset of ALI/ARDS. From this, we selected five ALI/ARDS patients from each hospital (less than five patients if fewer patients fit our selection criteria) who had the lowest Pao 2 /Fio 2 ratios at the time of meeting the criteria for ALI/ARDS. We selected these charts to identify a subset of patients with ALI/ARDS who were sufficiently ill and had required mechanical ventilation long enough to have ALI/ARDS-specific ventilator parameters recorded if the respiratory therapists at that hospital record them in any patient.
For each patient, we reviewed all RT documentation (ie, ventilator flow sheets and other interdisciplinary flow sheets, progress notes, and medication sheets) for the first 72 h of mechanical ventilation after meeting the study criteria for ALI/ ARDS. The total number of checks of each of the 57 items under study during this time period was recorded.
For each hospital, the number of checks and the related number of patient-hours for each item then were summed. The results are reported as whether an item was ever checked on any patient, whether an item was checked on every patient chart that was reviewed, and the mean and range of frequency of checks. (Note that frequency of documentation was only calculated for the items that were appropriate for the ventilation mode. For instance, if a patient's ventilator was operating on pressure support (PS) mode, that period of time was excluded from the measurement of frequency of static pressure or auto-positive end-expiratory pressure [PEEP] checks.)
RT Manager Survey: We conducted a telephone survey with the RT manager who was responsible for the ICUs at each hospital (Table 2) . At two hospitals, the RT manager deferred the interview to a senior ICU therapist. The survey consisted of 3 general questions (ie, number of ICU beds, number of therapists assigned to the ICU, and the available ventilator types) and 11 yes/no questions about patient-ventilator system checks.
Data Analysis and Quality Control
The primary unit of analysis was the individual hospital. Grouped analysis of the results by type of hospital (ie, universityaffiliated, community academic, and community nonacademic) demonstrated very similar findings, and thus the results are presented per individual hospital only. Community academic hospital was defined as a nonuniversity hospital with medical and surgical residents rotating through the ICU. The majority of the hospitals in the study had combined medical and surgical ICUs. Thus, it was not possible to evaluate the potential differences in documentation in such units.
All data collection was performed by a single person. Random repeat extraction was performed on 10% of the charts with good agreement. 
Results

Baseline Characteristics
The general characteristics of the 17 study hospitals are shown in Table 3 . There were 3 universityaffiliated hospitals, 3 community academic hospitals, and 11 community nonacademic hospitals. These corresponded to large, medium, and small in terms of the total number beds, the number of ICU beds, the average number of therapists assigned to the ICU, and the number of mechanically ventilated patients cared for per year. Different ventilators were available at each hospital. The most common were as follows: model 7200 (Puritan Bennett; Pleasanton, CA); and Servo 300A and 900C (Siemens; Munich, Germany). Others ventilators in use included the following: model 840 (Puritan Bennett); MAI (Irvine, CA); Star (Greensboro, NC); Amadeus (Hamilton Medical; Rhäzü ns, Switzerland); Evita (Dräger Medical; Telford, PA); and Bear (Viasys Healthcare; Palm Springs, CA).
RT Flow Sheet
On comparison of the selected items (Table 1) with blank RT flow sheets for mechanically ventilated patients from each hospital, we found that 15 of the 57 items were present on the flow sheets of all 17 hospitals (Table 4 ). All flow sheets also had an area for "notes" or "comments," although they did not specify what should be included there. Eight items were absent from all of the flow sheets (Table 4) . These included patient weight (actual or ideal) and Vt (in milliliters per kilogram).
The rest of the items were included on variable numbers of hospital flow sheets (Fig 1) . Pplat, auto-PEEP, and static compliance were present on the flow sheets of 13, 8, and 10 hospitals, respectively, of the 17 hospitals. The blank RT flow sheets from most, but not all, hospitals (10 to 16 of 17 hospitals) also included sections for the following: set PEEP; PS level; delivered Vt; spontaneous Vt; total V e; arterial blood gas (ABG) values or oxygen saturation; weaning parameters; endotracheal tube (ETT) size and position; ETT cuff pressure; inspiratory gas temperature; time of last patient circuit change; and description of patient secretions. Finally, a total of 17 items were infrequently (ie, in Ͻ 10 hospitals) present on blank flow sheets.
Chart Review
The charts of five ALI/ARDS patients were reviewed from each of 13 hospitals. The remaining four hospitals had nine patient charts that met the review criteria. The average number of ventilator checks per 24-h period was 11.7 (SD, 3.5; range, 6.7 to 18.1).
On chart review, respiratory therapists at all 17 hospitals consistently documented identification information such as patient name, patient hospital number, date and time of current check, and respiratory therapist signature or initials. Ventilator settings that were consistently recorded in all charts at 16 of 17 hospitals included the following: Fio 2 (set Fio 2 , 16 hospitals; only analyzed Fio 2 , 1 hospital); mode; set rate; alarm settings; PEEP; total V e; peak airway pressure; and inspiratory flow rate. The clinical observations that were always recorded were the patient's oxygenation status (ie, ABG levels or saturation) and patient's spontaneous respiratory rate (or total number of respirations above the set ventilator rate).
None of the chart sections reviewed documented patient diagnosis, presence or absence of an instance of equipment failure, check of the ventilator being on, check of the patient circuit being secure, check of the disconnect alarm, or condition of ancillary equipment. Sigh variable was noted on charts at two hospitals only. Documentation of the operational verification procedure being performed was found only on one chart in one hospital. Finally, the presence or absence of untoward effects of disconnection from the ventilator during bedside procedures was noted at five hospitals, but not on every chart. Comment on patient-ventilator synchrony was found at two hospitals but not on every chart. Documentation of the rest of the items was variable. Most, but not all, hospitals recorded set peak inspiratory pressure limit, set minimum mandatory V e (ie, the low V e alarm), ETT size, ETT position, ETT cuff pressure, PS, set Vt, delivered Vt, spontaneous Vt, inspired gas temperature, breath sounds, and description of patient secretions in all patients. The remaining 20 items (Table 1) were only infrequently (ie, Ͻ 10 of 17 hospitals) included on every chart.
The documentation practices of several of the most important items are depicted in Table 5 . These include ventilator settings relevant to lung-protective ventilation strategies (ie, Fio 2 and airway pressures) and those related to patient safety (ie, inspired gas temperature, ETT cuff pressure, and others). 
RT Manager Survey
In the telephone survey, 15 of 17 RT managers reported having written guidelines for mechanical ventilation documentation at their hospitals. Of these, only 10 were said to be derived from the 1992 AARC CPGs. RT managers at all 17 hospitals stated that patient weight and Vt (in milliliters per kilogram) were not routinely recorded, and this was confirmed on all flow sheet reviews. There were, however, some notable differences between the reported practice and what was actually found on blank flow sheets and chart reviews (Fig 2) . For example, RT managers at 12 of 17 hospitals reported that auto-PEEP was checked routinely. However, there was a line for auto-PEEP documentation on blank RT flow sheets at only eight of those hospitals. Furthermore, although eight hospitals recorded auto-PEEP on at least one of the charts reviewed, it was documented on every reviewed chart at only three hospitals. Although RT managers at 11 hospitals reported calculating and recording static compliance routinely, it was found on blank RT flow sheets and on at least one reviewed chart at only 10 hospitals, and on every reviewed chart at only 8 Figure 1 . Variability in blank RT flow sheets for the documentation of patient-ventilator system checks. We assessed blank RT flow sheets for the presence of the 52 items recommended by the AARC CPGs and 3 additional items (*) that provide information necessary for implementation of the ARDS Network protocol or that may be useful for other RT-driven protocols. Items found at Ն 1 but Ͻ 17 hospitals are shown here. Cont. ϭ continuous; I:E ratio ϭ inspiratory time/expiratory time ratio; IMV ϭ intermittent mandatory ventilation; Spont. ϭ spontaneous; Vent. disconnection ϭ effects of disconnection of ventilator.
hospitals. Similarly, Pplat checks were said to be routine at 14 hospitals, but they were noted on blank RT flow sheets at 13 hospitals, on any reviewed chart at 12 hospitals, and on every reviewed chart at only 10 of the 17 hospitals.
Discussion
We found striking variability in RT documentation practices in the adult ICUs of King County, WA. Only 15 of 57 studied items were included on the blank RT flow sheets of every hospital in our study, and only 26 of 57 items were found on patient charts of most hospitals (Ն 10 of 17 hospitals). The extent of documentation of the remaining items varied widely across hospitals, and this is particularly noticeable in the differences in the frequency of checks of various items.
With respect to the items that were assessed, there was inconsistency of documentation practice within each hospital. Inclusion of an item on the blank RT flow sheet did not assure the charting of this item on every patient. In addition, there were items (eg, set Vt, auto-PEEP, and ETT cuff pressure) that were recorded on some but not all of the charts of ALI/ ARDS patients reviewed at each hospital. There was Figure 2 . Inconsistencies between reported and actual documentation practice. We conducted a brief telephone survey with the RT department managers at all 17 hospitals. There were notable differences in the reported practice and what was actually found on blank flow sheets and chart reviews. also discrepancy between the practice reported by the RT managers and the actual charting. Conversely, although some items were excluded from the blank RT flow sheet, they were written in on some of the patients' charts. This was true not only for clinical observations of the patient and comments on adverse events, but also for specific ventilator settings and measures such as delivered Vt and the ratio of inspiratory to expiratory time. When we focused on key items that are essential for the implementation of lung-protective ventilation for ALI/ARDS patients, we found that these were absent from many charts. Four of the 17 hospitals did not include Pplat on their blank RT flow sheets. Five of the 17 hospitals did not record Pplat on any of the reviewed ALI/ARDS patients' charts. Two additional hospitals did not record Pplat on every ALI/ARDS patient chart reviewed. Sixteen of the 17 hospitals had no notation for Vt in milliliters per kilogram on any reviewed ALI/ARDS patient's chart.
The reasons for the marked variability in practice within and across hospitals, and for the failure to record key measures are not known. These could be related to the hospitals' experience with mechanical ventilation. Despite the differences in the numbers of ICU beds, the number of respiratory therapists assigned to the ICU, or the number of mechanical ventilation cases seen per year at each hospital, grouped analysis of our results by type of hospital (ie, university-affiliated, community academic, and community nonacademic) [data not shown] demonstrated similar results. However, our survey included insufficient numbers of different types of hospitals to demonstrate a difference in practice based on university affiliation or size.
The lack of updated and easily applicable documentation guidelines may be a reason for the variability in practice. The AARC CPGs for performance and documentation of the patient-ventilator system check were published in 1992 as part of a larger AARC initiative to develop CPGs. Review of literature, practice surveys, and expert panel opinion were used to draft the CPGs. Revisions were based on input from AARC working groups (led by national experts in respiratory care) and up to 700 independent reviewers. 22 Although the CPGs were an innovative and important development for RT, there was no further study of the impact of these guidelines on practice or outcomes, and the guidelines have not been revised or updated. This may be why, as our study suggests, the CPGs are not in widespread use today. Seven of 17 RT department managers reported that the AARC CPGs were not used in the design of their own hospitals' RT documentation policies. This may imply that these guidelines are not an accurate reflection of current RT practices and beliefs about documentation. It also may explain our findings of substantial discordance between the AARC CPGs and the RT ICU documentation practices.
Only 15 of 52 items recommended by the AARC CPGs were included on the blank RT flow sheets of every hospital in our study, and only 26 of 52 items were found on patient charts in most hospitals (ie, Ն 10 of 17 hospitals). Factors such as limited staffing and time, and the questionable significance of some of the items for RT assessment may be some of the reasons for failure to comply strictly with the CPGs. It would be time-consuming and redundant to document all routine safety tests at every patient-ventilator system check, as the CPGs recommend. Similarly, noting and charting a patient's skin color or status of chest tubes may not be as relevant for the respiratory therapist as for other members of the health-care team.
Another problem may be that the extensive list of items recommended by the CPGs fails to include some measures that are considered essential in current practice. These guidelines were published before RT-driven weaning protocols and lungprotective ventilation strategies were shown to improve outcomes. The 1992 AARC CPGs do not recommend assessing and documenting total V e, which may be useful in the assessment of work of breathing and readiness for weaning. 13 Even more important is Pplat. Not only is this an accurate reflection of alveolar pressures and risk of barotrauma, 23 it is essential for the implementation of lungprotective ventilation for ALI/ARDS patients. 15, 16 The CPGs do not recommend assessing and documenting Pplat.
This study has several potential limitations. First, we only examined charting practices. It is possible that some information was collected and conveyed outside of the available chart documentation. Although documentation may not reflect all the care being delivered, it was the only available means to assess guideline adherence. No conclusions can be drawn about the relation of adherence to these recommended documentation practices and the quality of care provided at these hospitals. However, documentation is a key means of communication between respiratory therapists and other members of the medical team, and comprehensive charting of relevant information may be essential for efficient and appropriate ventilator management. Second, only a small number of patient charts were reviewed from each hospital. We attempted to select the charts of the most severely ill ALI/ARDS patients in order to bias toward the most accurate and complete documentation. Therefore, we believe that the results reflect the highest level of RT charting found at each hospital. Third, because we examined the prac-tices in a limited number of hospitals in a specific geographic area, our results may not be broadly generalizable. We are unable to draw conclusions regarding practice at specific types of hospitals or to make convincing comparisons among these groups. We also did not have the information needed to assess differences in documentation practices between medical and surgical ICUs. Fourth, the measurement of some items may be easier with specific ventilators, and this may bias practice. Although we noted the types of ventilators that were generally available at the surveyed hospitals, we did not correlate documentation practice with ventilator type. Finally, this was a cross-sectional measure of current practice, and it did not address the greater question of the impact of RT documentation practices and CPGs on clinical outcomes.
We believe that there is a need for a focus on RT documentation practices in the ICU and that this study is a first step in this process. Our findings suggest that greater efforts should be made to standardize RT documentation processes, to revise and update CPGs and RT flow sheets, and to investigate the impact of RT documentation on clinical outcomes in the ICU.
Conclusions
Considerable variability exists in RT ICU documentation practices both within and across hospitals. In addition, substantial differences exist between RT documentation practices and the current recommended standards. Finally, items essential for the implementation of lung-protective ventilation are recorded inconsistently. We propose that standards for mechanical ventilation documentation by respiratory therapists should be reexamined in the light of recent data on weaning and lung-protective ventilation protocols. Revision of these standards to include only a limited number of key measures may increase adherence by focusing time on the documentation of clinically relevant data. Improved and consistent documentation may ease the implementation and monitoring of new ventilation protocols. Ultimately, quality and clinical outcome measures must be assessed to determine the true impact of RT documentation practice.
